Bezoars are intraluminal conglomerates of indigestible foreign materials that accumulate in the gastrointestinal (GI) tract. They consist of vegetable or fruit fibers, hairs or other substances; accordingly, bezoars are classified as phytobezoars, trichobezoars, pharmacobezoars, etc. Although sometimes asymptomatic, bezoars may cause serious symptoms, such as abdominal discomfort or pain, dysphagia, hematemesis, or even life-threatening entities (GI bleeding, obstruction or perforation). Current technological applications have contributed to the diagnostic and therapeutic approach to these masses, mainly through endoscopic techniques able to diagnose, fragment and extract bezoars, as well as laparoscopic and other surgical modalities that may be used to treat serious complications. Although bezoars were described centuries ago and the term was officially introduced in the mid nineties by Quain, they are still a demanding pathological entity. Their pathophysiology, accurate and prompt diagnosis, as well as successful and minimally invasive treatment, remain under investigation and see continuous progress. Current advances in these challenging areas are discussed in this review, which attempts to present an in-depth study of bezoars along with the well-established modalities and techniques.
Introduction
Bezoars constitute concretions of poorly or non-digested material that develop within the gastrointestinal (GI) tract. The word bezoar originates from the Arabic term "badzehr" or potentially the Persian word "padzahr"; both mean to expel a poison, counterpoison or antidote. The aforementioned words were applied to describe a greenish, hard concretion in the animal stomach, formerly considered a useful medication, sometimes with certain magical properties [1] . In 1854, an Irish anatomist and surgeon of the University of London (UCL), Richard Quain, reported a mass in the stomach, found on autopsy, which he called "bezoar" [2] .
A variety of materials received orally intentionally or accidentally may form these indigestible masses. Consequently, several types of bezoars have been described, including phytobezoars (fibers, fruit remnants, skins of vegetables, etc.), trichobezoars (ingested hair), pharmacobezoars (medications), lactobezoars (milk protein in milk-fed babies and infants), and others. Interestingly, bezoars may be formed in any segment of the GI tract. However, the stomach is the most common organ of bezoar formation. Their diagnosis is made either endoscopically or radiologically, while the therapeutic approach follows, as they may cause serious symptoms [3, 4] . This study aims to investigate current data concerning the epidemiology, diagnosis and therapy of bezoars, attempting to offer a better understanding of this rare entity that may appear with multiple types and complications.
Classification of bezoars Phytobezoars
These constitute the most common type of bezoars. The first root of this compound term is derived from a Greek word φυτό (phyto), which means plant. Phytobezoars are composed of vegetable and/or fruit matter, such as celery, prune, apricots, grape skin, orange, raisin, watermelon, pumpkin, mushroom or persimmon. The main components of these indigestible food materials may be cellulose or hemicellulose, tannin and/ or lignin [5, 6] .
Cases with persimmon phytobezoars are the most frequent and challenging ones, attributed to increased consumption of the fruits of the plant genus Diospyros (Greek word dios=Zeus and pyr=fire, meaning divine food). Certain species of this plant are also named "lotus" tree, first mentioned and becoming widely known through Homer's epic poem, the Odyssey. It has been stated that persimmons contain high concentrations of tannin, which, when in contact with gastric acids, polymerize to form conglomerates consisting of cellulose, hemicelluloses and other proteins. In that way persimmon tannin acts as an adhesive agent that holds and sticks plant fibers together, thus supporting the formation of indigestible materials and masses [7] . Interestingly, Maki et al described the experimental formation of a solid hard mass, mimicking phytobezoars, using pieces of persimmon skin, hydrochloric acid (which present in the stomach), and organic and inorganic polymers as coagulating agents. These in vitro experiments were based on previous research on the coagulation and solidification of bile, and included multiple steps in order to specify the optimal conditions of coagulation and the associated natural and commercially available products. Although original and interesting, this methodology and its results were not reproduced by other groups [8] . A recent experimental study by Iwamaro et al investigated the elemental composition of persimmon bezoars, showing that higher amounts of iron and sulfur are accumulated in the surface rather than the core of the masses, the iron explaining the dark color of the exterior of persimmon phytobezoars, while yttrium and aluminum were also detected. This study included many technologically advanced methods, such as scanning electron microscopy, infrared spectroscopy analysis and energy-dispersive x-ray spectroscopy. Although the phytobezoar specimen was recovered from a single patient and osmium may have contaminated the samples during the fixing process, these results may explain phytobezoar formation to a certain extent. However, the data need to be reproduced in multiple specimens by different research groups [9] .
Pharmacobezoars
The first root of this term is derived from the Greek word φάρμακο (pharmako), which means medication. These are uncommon masses caused by conglomerates of medications, including kayexalate, antacids or cholestyramine. Medication vehicles and specific drug action may be the reason for pharmacobezoar formation. Slowly dissolved and gradually released drugs, such as verapamil, cefaclor, felodopine, nifedipine, etc., are coated with cellulose acetate, which allows prolonged and delayed administration of the chemical compounds. However, cellulose may aggregate, thereby causing the formation of bezoars in the digestive tract. In addition, enteric-coated medications, such as aspirin, sulfasalazine, omeprazole, etc., use an insoluble carrier to protect the active medical compound from the low gastric pH (high acidity), permitting its dissolution in a higher pH in the intestine. Unfortunately, because of its insolubility, this polymer carrier may contribute to bezoar formation. Likewise, bulk-forming agents that treat constipation, such as psyllium, polycarbophil, methylcellulose, etc., may also trigger the formation of pharmacobezoars through their hygroscopic properties [10] [11] [12] . Recently, a methadone double pharmacobezoar was reported, causing coma in a drug-addicted male psychiatric patient. It was revealed endoscopically and treated through repetitive gastric lavages for 5 days. The patient survived after staying intubated for 7 days in the Intensive Care Unit. Methadone tablets that formed this pharmacobezoar may have adhered because of the patient's dehydration, in association with a gastroparetic effect of multiple antipsychotic drug use (anti-cholinergic action) [13] .
Trichobezoars
Bezoars are named as trichobezoars from the Greek word τρίχα (tricha=hair) when they contain hairs. These are rare masses that are almost always discovered in the stomachs of young women. Notably, certain psychiatric disturbances are associated with the development of trichobezoars, such as trichotillomania, defined as a compulsory hair pulling disorder, and trichophagia (Greek φαγείν; phagein=to eat) defined as compulsive eating of one's hair [14, 15] . However, only one third of the patients diagnosed with trichobezoars suffer from trichophagia and only 1% present symptoms that may require surgical treatment [16, 17] . The first case was described and reported by Baudomant in 1779, whereas the first surgical removal of such a mass was performed by Schonbern in 1883 [18] . Hair holds enzyme-resistant properties due to its smooth and slippery external surface; consequently, instead of being digested in the digestive tract, hairs accumulate among the folds of the gastric mucosa and may finally form a mass when they stick together with mucus and food remnants. This mass may be palpable, as their weight may reach several kilograms and up to 6.2 kg [19, 20] . Most interestingly, trichobezoars may rarely extend from the stomach, where they form their main body, to the small intestine or the ascending colon, thereby presenting a long tail; this pathological entity is termed Rapunzel syndrome [18] . Around 120 cases of this syndrome have been described in the medical literature. Naik et al reviewed 24 cases in 2007 [21] , while Ullah et al reported 88 cases until 2016 [22] . Fallon et al described the longest case series of 7 patients in 2013. All were young female persons, 5-23 years of age, with psychiatric disorders. Notably, 85% of these patients were accurately diagnosed prior to laparotomy, based only on their medical history and radiography rather than endoscopy [23] .
Lactobezoars
These are undigested masses from concentrated infant milk formula and mucus. All recorded cases refer to milk-fed infants and the masses are usually located in the stomach, but may also appear in other parts of the digestive tract. The first description of this rare entity was in 1959 and about 110 more cases have been reported since then [24] . Interestingly, prematurity and low birth weight appear to be the main pathogenic factors, although the disease has been diagnosed in full-term infants and toddlers. Additional factors contributing to the pathogenesis are the milk-formula composition, dehydration, antacid medical treatment, as well as the methodology of feeding. Accumulating data suggest that the high caloric and protein concentration of synthetic milks may exceed the digestive capacity of premature neonates, because of the decreased enzyme activity in their GI tract and salivary glands, thus leading to the formation of lactobezoars [25] . Notably, in the last 31 years (1987-2018) 40 cases of lactobezoars have been reported in the English literature, while according to Heinz-Erian et al, in the previous 30 years (1959-1986) 70 cases were described [26] . The decreased incidence of lactobezoars in recent years may be attributed to the improvement in synthetic milk composition, improvements in premature neonate medical care, or the increased rates of breastfeeding in the last decades. Most interestingly, these masses do not appear in infants receiving only human milk.
Other types of bezoars
Apart from the aforementioned types of bezoars, other substances may also contribute to their formation: unusual and peculiar materials that have been described in the past include metals [27, 28] , ceramics (kaolin) [29] , fungi (Candida) [30] , plastic, parasites (ascaris) and paper [4] . In the future, more materials may be recorded as bezoar contributors, because all indigestible food substances and foreign bodies may cause the formation of a mass in the digestive tract with the sticky intervention of mucus.
Prevalence
Multiple studies have attempted to assess the incidence of bezoars, although with variable results. However, it is widely accepted that it is an infrequent pathological entity. In 1978, Kadian et al described 6 cases of gastric bezoars out of 1400 upper GI endoscopies during 4 years, yielding an incidence of 0.43% [31] . Similarly, in 1987, Ahn et al described 14 cases out of 3247 upper GI endoscopies during 7 years, with the same incidence (0.43%) [32] . In 2013, Mihai et al presented 49 bezoar cases from a 20-year period, 34 of which were phytobezoars, arriving at a lower incidence of 0.068% [33] .
Although bezoars are predominantly formed and discovered in the stomach, they may migrate to the small or the large intestine; even more rarely, they may develop in the small intestine. When trapped in the small intestine, bezoars may cause ileus. Dervisoglou et al studied 369 patients with acute intestinal obstruction over 5 years and concluded that 2.39% were attributed to bezoars, constituting the fifth most frequent cause [34] . Likewise, Kirshtein et al analyzed 65 patients who underwent laparoscopic treatment for small bowel obstruction over 6 years and revealed 3 cases caused by bezoars, representing the fifth most common cause (4.6%) [35] . Yakan et al reviewed 432 patients who received surgical treatment for small bowel obstruction over 10 years and reported that phytobezoars were responsible in 14 cases (3.2%) [36] .
Subsequently, accumulating data from clinical studies suggest that gastric bezoars are discovered in less than 0.5% of all upper GI endoscopies, while bezoars present in the small intestine may be the cause of ileus in 0.4-4.8% of all cases of intestinal obstruction. Interestingly, the prevalence of phytobezoars, which constitute the most common form, varies among countries and ethnic groups, because of the cultivation of certain plants, the diet, as well as ethnic or religious nutritional habits [37] . Persimmon phytobezoars, for example, are mainly reported in countries that produce and export the plant (China, South Korea, Japan, Brazil) or present high consumption due to local tradition (Turkey, Spain, etc.). Concurrently, more rare bezoars, such as tricho-paper-and metal-bezoars, are associated with certain psychiatric disturbances, more common in developed countries and poor or uneducated populations [4, 38, 39] .
Predisposing factors
Numerous factors may contribute to the formation of bezoars. Previous gastric surgery appears to be the most common risk factor: 20-93% of the patients diagnosed with bezoars have a relevant history, while the incidence of bezoar formation in patients who undergo gastric surgery is 5-12%. Specifically, vagotomy and partial gastrectomy performed for chronic ulcers substantially reduce the acidity and quantity of gastric juices, thus adversely affecting peptic activity. Concomitantly, pyloroplasty, antrectomy or gastrojejunostomy result in a wide gastric outlet. Taking into consideration that the gastric antrum regulates the mechanical fragmentation of food particles and the pylorus acts as a doorkeeper that deters the passage of large boluses, such operations facilitate the passage of maldigested large food boluses to the duodenum and the small intestine, predisposing to bezoar formation. Interestingly, these masses may be formed within 9 months to 30 years after gastric surgery, according to various studies [2, 7, 40] .
More rarely, bezoars may appear primarily in the small intestine, causing intermittent or permanent intestinal obstruction. In these cases, intestinal motility is significantly disturbed by pathological entities, such as diverticuli, strictures or neoplasms [41, 42] .
Excessive consumption of high-fiber foods may also contribute to the formation of phytobezoars. Unripe fruits or vegetables, regularly consumed in great quantities and rapidly swallowed in association with poor mastication appear to be reliable predisposing factors. In particular, immature persimmons contain tannins, which play a critical role in phytobezoar formation [43] .
Less common predisposing factors have also been mentioned in the literature. These include medications that delay gastric motility, rapid swallowing of large amounts of foods, poor mastication due to artificial dentures (mainly in the elderly) and diseases such as mental retardation (e.g., trichobezoars), hypothyroidism, diabetes mellitus, renal failure or postoperative adhesions [7] . Most interestingly, certain studies have described patients with bezoars in whom no predisposing factor could be identified, suggesting the existence of factors that may act intermittently and for a short time, such as eating/dietary habits or temporary acid alterations in the stomach [44] .
Manifestations and diagnostic approach
Bezoars may be asymptomatic or they may present various symptoms and signs from the GI tract. Most commonly, they may cause abdominal discomfort, fullness or pain, difficulty in swallowing, or anorexia. Furthermore, symptoms related to GI bleeding, such as anemia, tarry or bloody stools, hematemesis and fainting, may result from ulcers and mucosa necrosis from bezoar-related intraluminal pressure [45] . In the rare cases of complete intestinal obstruction or perforation, the patient may present with serious manifestations of acute abdomen, vomiting, abdominal distension, hypotension, mental disorientation and shock [46, 47] .
Modern endoscopes using high definition visualization facilitate the detection of gastric or upper GI bezoars. Typically, they appear as single masses in the gastric fundus, with various colors (black, green, beige or other, according to composition). However, they may be multiple or very rarely be impacted in the esophagus or duodenum [4, 48, 49] .
Radiological imaging also plays a crucial role in the diagnostic approach. Plain X-rays may show air-fluid levels that suggest intestinal obstruction, while barium studies may contribute to the differential diagnosis among intestinal diverticuli, adenomas, malignancies and bezoars (Fig. 1) . Unfortunately, these studies are insufficiently accurate and are inappropriate for detailed emergency investigation, or for the preoperative assessment of intestinal perforation or complete obstruction [50] . Undoubtedly, contrast-enhanced computed tomography (CT) scanning is the radiological method of choice, showing high sensitivity (up to 90%) and specificity (up to 60%). Phytobezoars, the most common bezoars, are visualized as round or ovoid masses with air-bubbles and a mottled appearance [51] (Fig. 2) . Interestingly, they may appear similar to small bowel feces; the latter are discovered in about 8% of cases with ileus. It should be noted that, on radiological imaging, feces tend to appear in a longer segment and are associated with sharp-margin dilatation compared to bezoars, which tend to slide back and forth intraluminally [52, 53] .
Additionally, a CT scan enables the detection of multiple bezoars and the exclusion of other causes of intestinal obstruction, shows in detail the condition of intestinal loops (edema, strangulation, ischemia, accumulation of intra-abdominal fluid), and permits accurate preoperative planning [54] . In general, a CT diagnosis of a bezoar is followed by surgery within 48 h.
Therapeutic approach
The treatment of bezoars depends on their volume, chemical synthesis, location and associated pathology. Currently, there are multiple treatment options available, such as dissolution with various compounds, endoscopic fragmentation and removal, laparotomy and laparoscopic surgery. Notably, in the case of an intestinal obstruction or more rarely a gastric obstruction, gastric and intestinal decompression along with fluid and electrolyte replacement should be the initial therapeutic step, aiming to treat imbalances resulting from vomiting and fluid accumulation within the obstructed intestinal loops; bezoar removal should follow [7] (Fig. 3) .
Chemical dissolution
Saline solution, hydrochloric acid, sodium bicarbonate, CocaCola® (CC) and enzymatic agents (e.g., papain, cellulase, pancreatin) have all been described, alone or in association, as potentially effective for bezoar resolution with various rates of success. However, no consensus has been established as to the quantity, the density and the time of action for each of these substances. Consequently, each researcher or clinician follows a different methodology [55] [56] [57] [58] .
CC is the most popular chemical agent used to dissolve phytobezoars successfully. Ladas et al reviewed 46 patients from various studies and found a 91% resolution rate of phytobezoars with CC, either alone or in conjunction with an endoscopic procedure. They recommend gastric lavage with 3 L of CC administered per os or through nasogastric tubes [58] . Mihai et al treated each of 12 patients with 4.8 L of CC for 12 h, achieving 42% complete resolution and the same percentage of fragmentation [33] . Although these results are promising, there is no consensus on the dose or time of action for CC use. In particular, old patients with a history of gastric ulcer and diabetes mellitus may present serious complications (ulcers, electrolyte disorders, etc.) when treated with excessive amounts of CC. Moreover, pieces from bezoar fragmentation may obstruct the pyloric outlet and/or migrate to the small bowel causing ileus [59, 60] . Therefore, more studies are needed to assess and establish this method. Cellulase has also been used in phytobezoar treatment. The rationale lies in the fact that vegetables and fruits contain considerable amounts of cellulose and cellulase could degrade this polysaccharide by cleaving its glycosidic bonds [61] . In 1968, Pollard and Block initially described the successful resolution of a bezoar with cellulase action [62] . Although this enzyme is usually administered in association with other enzymatic agents, its efficacy has been questioned by other studies; as cellulase is not commercially available in many countries or as a prescribed medication, this compound has rather limited use nowadays [4, 9] .
In general, chemical dissolution may be used on all types of gastric bezoars. However, persimmon phytobezoars, as well as trichobezoars, are resistant because of their consistency and the results are poor even after prolonged treatment. Furthermore, extensive administration of enzymes, such as cellulase or pancreatin, may cause esophageal and gastric ulcers, electrolyte disturbances, abdominal pain, nausea and vomiting, or more rarely anaphylactic reactions. Notably, a detailed medical history should investigate the question of heart or blood vessel disease, allergies to any medicine, as well as liver or pancreatic disorders.
Endoscopic fragmentation and removal
Since the most common bezoar location is the stomach, gastroscopic methods have prevailed in the treatment of gastric bezoars. Mechanical disintegration may be achieved using lithotripters, biopsy forceps, polypectomy snares of various size, argon plasma coagulation devices, electrosurgical knives and laser devices. Fragments may be removed using snares and Dormia baskets [63] [64] [65] . Trichobezoars are usually resistant and require surgical removal, although fragmentation with an electrosurgical knife has been mentioned [66] .
Surgical procedures
If bezoars are diagnosed in the lower GI, or cause ileus, intestinal ischemia and perforation, as well as when other modalities have been unsuccessful, then surgical intervention and removal is mandatory. Bezoar-induced obstruction is most frequently revealed in the distal end of the small bowel, less than 100 cm proximal to the ileocecal valve. The etiology could be the decreased diameter of the lumen towards the valve, the lower motility of the small bowel near the valve, or the increased water absorption at the ileal distal end, which may cause dysmotility and adhesion of the bezoars to the intestinal mucosa [3] .
The main operation is enterotomy and removal of the mass (Fig. 4) . The milking technique, to advance the mass either proximally towards the stomach or distally through the ileocecal valve, has also been performed. However, successful removal is not guaranteed and complications such as laceration of intestinal serosa or mesentery and mucosal bleeding can occur [36] . Experimental studies on rats showed significant postoperative peritoneal adhesions and positive peritoneal cultures in cases where the milking technique had been performed [67] . Obviously, when ischemia and/or perforation occur, the aforementioned techniques are not therapeutic and thus segmental resections with anastomosis and/or stoma are the preferable procedures [7] .
Although open surgery for bezoar removal has been wellestablished for decades, laparoscopic abdominal exploration is increasingly being performed nowadays. Notably, laparoscopic surgery is performed only in properly equipped medical centers; it requires technical experience and detailed preoperative evaluation (clinical, radiological, endoscopic). Meticulous preoperative study is necessary, because dilated intestinal loops, adhesion from previous operations, multiple bezoars or even worse complications (including perforation and/or peritonitis) may jeopardize or prevent the laparoscopic approach [68, 69] . Interestingly, laparoscopy offers bettermagnified visualization of the whole abdomen (although palpation is not possible), as well as fewer complications and a shorter hospital stay when it is properly performed by experienced surgeons [70] . The laparoscopic removal of giant gastric bezoars has been reported in selected patients, although the location of the gastric incision and the risk of abdominal contamination should be seriously considered [71, 72] .
Other options and strategies
Laparoscopic and endoscopic cooperative surgery, a combined technique introduced for upper GI tumor resection a decade ago, has also been performed successfully for gastric bezoar extraction. Although only 2 cases have been described until now-a gastric trichobezoar 29×10 cm in size and another gastric bezoar 10 cm in diameter-this combined technique may become a favorable therapeutic option in the near future. It offers small incisions and intragastric access through laparoscopic surgery, with the aid of endoscopic visualization that provides accurate intraoperative control and evaluation of the surgical interventions (bezoar fragmentation and extraction) [73] . When bezoars are discovered incidentally and cause no symptomatic pathology, a follow up without any treatment may be an option. Spontaneous disappearance of these masses under no treatment has been described in some patients. The nature and etiology of such bezoars, along with their successful digestion or transportation through the bowel, should be investigated and clarified [31] .
Certain features of concern regarding therapeutic options
Complying with the aforementioned current experimental and clinical data, the therapeutic approach should definitely follow a detailed medical history and monitoring of the patient. If the patient is of advanced age and suffers from severe chronic disorders (cardiac or respiratory insufficiency, renal failure, etc.) chemical dissolution should be excluded. Endoscopic fragmentation may be a reliable option for gastric bezoars, except for persimmon phytobezoars or trichobezoars, which are of very hard consistency. Endoscopists should exert maximum effort to disintegrate the masses into small pieces and extract all of them, taking into consideration that relatively large fragments may migrate to the small intestine causing obstruction or rarely perforation.
Surgery may be the optimal strategy for intestinal bezoars, giant masses, complicated cases with ileus and/or perforation, as well as cases where other techniques have failed. Preoperative accurate radiologic imaging is mandatory. Laparoscopic techniques may precede open surgery, if they are available and feasible.
Our experience
We studied 9 patients with phytobezoars diagnosed within the last 5 years; 4 were women and 5 men. Their mean age was 67.3 years ( Table 1 ). The majority of the patients (5/9) had a history of some type of gastric surgery. The most common symptom was abdominal pain, while CT was the main diagnostic modality. Most of the phytobezoars were discovered in the small intestine, less than 1.5 m proximal to the ileocecal valve. The male patient (#2) had a gastric (fundus) grape phytobezoar diagnosed on upper GI endoscopy without severe symptoms. He received 3 L of CC orally within 24 h and a repeat endoscopy 2 days later showed no obvious gastric mass (Fig. 5) . The female patient (#3) had a very rare presentation with a double mass [74] . The phytobezoar located in the ileus was removed via an enterotomy; the gastric one was revealed on a second CT postoperatively, when the patient presented a transient jaundice due to the temporary impaction of the mass into the duodenum. Upper GI endoscopy revealed duodenal ulcers and a gastric bezoar, endoscopically fragmented with a snare and removed (Fig. 6) . The female patient (#5) had a large ileal phytobezoar (75×8 cm) that caused intestinal obstruction and perforation. The mass was removed surgically and intestinal resection was performed along with primary anastomosis (Fig. 7) .
Concluding remarks
As human aging becomes a global phenomenon, bezoars become an increasingly recognized entity, responsible for peptic complications such as ulcers, bleeding, obstruction or perforation of the GI tract. Poor mastication, medications, past gastric surgery and dysmotility, which increasingly affect older ages, are the predominant predisposing factors for the majority of bezoar types. Notably, the synergistic effect of multiple factors, usually for a long time, may eventually lead to bezoar development. Modern technology exploited in GI endoscopy and CT imaging considerably facilitates the accurate diagnosis of bezoars and increases their incidence. In addition, advances in technology offer reliable therapeutic solutions, such as endoscopic fragmentation and removal or laparoscopic surgical treatment. Undoubtedly, older approaches, such as chemical bezoar resolution or open surgery, still retain their crucial role. Laparotomy remains the main (occasionally the only) option, especially in complicated cases. Future research should better investigate the chemical synthesis and the etiology of bezoars, 
